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Abstract: Neuropathic pain in cancer is common and debilitating. It is important to differentiate
neuropathic pain from other cancer-related pains as it is associated with worse pain outcomes and
requires different treatment strategies. This review summarises recent updates to pain classification,
aetiology, pain assessment and current recommendations for treatment in patients with cancer-related
neuropathic pain.
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1. Definitions and Epidemiology
Neuropathic pain is defined as “pain caused by a lesion or disease affecting the somatosensory
system” [1] and may lead to both loss of function and also increased pain sensitivity and spontaneous
pain [2,3]. It is common in cancer, resulting from direct damage to the nervous system from a primary
tumour or metastases, or from cancer treatment, such as chemotherapy [4]. Neuropathic pain is usually
chronic, either persisting continuously or characterised by recurrent painful episodes [2].
Neuropathic pain is different from nociceptive pain, which is defined as “pain that arises from
actual or threatened damage to non-neural tissue and is due to the activation of nociceptors” [5].
In nociceptive pain, the somatosensory nervous system is functionally normally, contrasting
with abnormal function underlying neuropathic pain. It is estimated that 20% of cancer pain is
purely neuropathic in origin [6]. However, when mixed neuropathic-nociceptive pain is included,
approximately 40% of patients with cancer are affected by neuropathic pain [6].
Neuropathic cancer pain is associated with poor outcomes [7,8]. A study in 2012 found
that neuropathic cancer pain was associated with more oncological treatment, greater analgesic
requirements (including strong opioids and adjuvant analgesics) and reduced performance status than
those with nociceptive pain [8]. Patients with neuropathic pain also reported worse physical, cognitive,
and social functioning [8].
In recognition of the importance of identifying neuropathic pain, the latest International
Association for the Study of Pain (IASP) classification of chronic pain for International Classification
of Diseases (ICD-11) identifies specific codes for chronic neuropathic cancer pain (neuropathic pain
caused by tumour), as well as neuropathic pain caused by treatments, such as chemotherapy or
radiotherapy [4]. The IASP guidance emphasises the importance of a correct diagnosis of the pain
in cancer so that tailored treatment (including analgesia, anticancer therapies, surgery and non-drug
interventions) can optimise pain outcomes [9].
2. Aetiology
The aetiology of cancer-related neuropathic pain is diverse. Cancer-related neuropathic pain
is conventionally subdivided into tumour-related and treatment-related pains. Not all pain in a
cancer patient is cancer-related; pain from comorbid diseases is common, particularly in older
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patients [10]. About two-thirds of neuropathic pain in cancer patients is tumour-related (neuropathic
cancer pain [NCP]), around 20% results from cancer treatment and 10–15% from comorbid diseases [6].
The proportion of pain caused by cancer treatment is higher in neuropathic pain compared with all
types of cancer pain [6].
NCP may result from direct infiltration by the primary tumour or metastases into components of
the peripheral or central nervous system. Examples of involvement of the peripheral nervous system
include invasion of the brachial plexus by thoracic tumours, or invasion of the lumbosacral plexus
by abdominal or pelvic tumours. A typical example of involvement of the central nervous system is
spinal cord compression resulting from vertebral collapse due to bony metastatic disease.
Paraneoplastic neurological syndromes can also occur, resulting from remote effects of cancer
mediated by the immune system [11]. They can affect the function of the nervous system at any level,
including the central nervous system, peripheral nervous system, neuromuscular junction and muscle
itself [11]. The most frequent paraneoplastic neurological syndromes are paraneoplastic cerebellar
degeneration and sensory neuronopathy [11,12].
Cancer therapy-induced neuropathic pain can result as an unintended consequence (side
effect) or complication from cancer treatments, including surgery, radiotherapy and chemotherapy.
Surgical intervention may cause direct damage to peripheral nerves. Examples of interventions
commonly associated with post-traumatic neuropathic pain syndromes include mastectomy and
thoracotomy [4,10].
Radiation treatment can result chronic painful radiation-induced neuropathy. Delayed local
damage to the nervous system in the field of radiotherapy is common [4], sometimes manifesting
months or even years following treatment [10]. It is often progressive and irreversible [4].
The underlying mechanisms are not fully understood. It may result from nerve compression from
radiation-induced fibrosis, but also from direct nerve and blood vessel injury from microvascular
changes [13]. Brachial plexopathy following irradiation for lung or breast cancer is a classic example
of radiation-induced neuropathy [14]. Other less common examples include painful lumbosacral
plexopathy after pelvic radiotherapy [13,15] and axial neuropathy of the spinal cord following cervical
radiotherapy [4].
Chemotherapy-induced peripheral neuropathy (CIPN) is a common, painful and dose-limiting
side effect of chemotherapy [10]. It is generally dose-dependent [16]. Typically, symptoms begin in the
first two months of treatment, worsen as treatment progresses and then stabilise soon after cessation.
However, symptoms can persist long after treatment. A systematic review in 2014 found that CIPN
affects 60% of patients 3 months after treatment, and 30% at 6 months or more [17]. Common neurotoxic
chemotherapeutics include the taxanes (paclitaxel and docetaxel), platinum-based drugs (cisplatin and
oxaplatin), vinca alkaloids (vincristine), thalidomide and proteasome inhibitors (bortezomib) [4,10,16].
CIPN most commonly results from direct neurotoxic effects of chemotherapy on dorsal root ganglion
neurons or their axons, causing pain in a stocking-and-glove distribution, sensory loss and sensory
ataxia [16]. The pain is often characterised by pricking or burning, or an “electric sensation” [4].
Autonomic, motor and occasionally cranial nerve involvement can less commonly occur [16].
3. Assessment
Clinically, neuropathic pain is a heterogeneous entity, comprising many and varied positive and
negative symptoms. Positive symptoms include pain, both spontaneous and evoked. Spontaneous
pain can be continuous or paroxysmal. Evoked pain can result from non-nociceptive stimuli (e.g.,
pressure from tight clothes or stroking) causing allodynia, or as an increased response to a nociceptive
stimulus causing hyperalgesia [2,18]. Characteristics of neuropathic pain include shooting, sharp,
stabbing, tingling, pricking, electric shocks and pins and needles [19,20]. Negative symptoms include
decreased or loss of sensation to light touch and vibration (hypoesthesia) and pain (hypoalgesia) [21].
Autonomic features sometimes associated with neuropathic pain include mottled skin, sweating,
redness or swelling [20].
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Diagnosis of neuropathic pain in cancer is no different from other clinical diagnoses, relying
Diagnosis of neuropathic pain in cancer is no different from other clinical diagnoses, relying
upon comprehensive clinical history, examination and diagnostic tests. The NeuPSIG grading system
upon comprehensive clinical history, examination and diagnostic tests. The NeuPSIG grading system
and other screening tools can be usefully applied in clinical practice to identify probable cases of
and other screening tools can be usefully applied in clinical practice to identify probable cases of
neuropathic pain, with little deviation from normal practice. For example, the NeuPSIG grading
neuropathic pain, with little deviation from normal practice. For example, the NeuPSIG grading
system starts with clinical history. This should include sensory descriptors suggestive of a neuropathic
system starts with clinical history. This should include sensory descriptors suggestive of a
mechanism (e.g., shooting, pricking, pins and needles, numbness and tingling) with a relevant
neuropathic mechanism (e.g., shooting, pricking, pins and needles, numbness and tingling) with a
neurological lesion, and distribution of these symptoms in the corresponding neuroanatomical
relevant neurological lesion, and distribution of these symptoms in the corresponding
distribution. Clinical examination for sensory changes may be a little more involved than in routine
neuroanatomical distribution. Clinical examination for sensory changes may be a little more involved
clinical practice, but is still feasible at the bedside. It involves assessment of touch, vibration, pinprick,
than in routine clinical practice, but is still feasible at the bedside. It involves assessment of touch,
cold and warmth using routinely available tools, such as a cotton bud, tuning fork, toothpick and
vibration, pinprick, cold and warmth using routinely available tools, such as a cotton bud, tuning
fork, toothpick and teaspoons in warm and cool water. The grading system indicates that only one
sensory abnormality needs to be present to satisfy this criterion. Lastly, many of the diagnostic tests
that would support a definite diagnosis of neuropathic pain according the NeuPSIG are routinely
performed anyway, such as computed tomography or magnetic resonance imaging. Other more
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teaspoons in warm and cool water. The grading system indicates that only one sensory abnormality
needs to be present to satisfy this criterion. Lastly, many of the diagnostic tests that would support
a definite diagnosis of neuropathic pain according the NeuPSIG are routinely performed anyway,
such as computed tomography or magnetic resonance imaging. Other more specialist tests may include
neurophysiological tests, such as nerve conduction velocity for example [22].
The NeuPSIG criteria have not yet been universally adopted as the reliability (inter-rater
and test-retest) and applicability in clinical practice and research has not been established [23].
Other screening tools are available for use in clinical and research settings. The most commonly
used neuropathic pain screening tools in research are the Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS) [20], the Douleur Neuropathique en 4 (DN4) [25] and painDETECT
(PDQ) [26]. The LANSS comprises five sensory symptom items and two clinical examination items,
DN4 comprises seven symptom items and three clinical examination items and painDETECT is a
screening questionnaire comprising nine symptom items [27]. These tools were largely developed
in patients without cancer and are biased towards detecting positive sensory abnormalities. NCP
is unique in that pain is often experienced in the presence of sensory loss; therefore, it has been
argued that existing screening tools may not perform adequately in cancer populations. A study in
2017 assessed performance of these screening tools in identifying neuropathic pain in patients with
cancer [23]. They found that LANSS and DN4 screening tools could generally distinguish between
neuropathic and not neuropathic pain in patients with cancer, although not with the same degree of
accuracy as found in non-cancer populations. Nevertheless, these screening tools can be useful in
identifying potential cases of neuropathic pain in cancer until more accurate tools are developed.
Another approach to pain assessment generally reserved for use in research settings is quantitative
sensory testing (QST). QST is a detailed assessment of sensory function and provides information
about the underlying neurobiological mechanisms of pain processing. A standardised QST protocol
published by the German Neuropathic Pain Consortium (DFNS) in 2006 [28] has been widely accepted
in clinical research. However this protocol has had limited impact on clinical practice as QST is labour
intensive and requires highly trained operators with expensive equipment. Nevertheless, QST data
from clinical trials indicate that sensory abnormalities are common in cancer patients with pain [29–32].
These data suggest that integrating simple bedside assessment of sensory function (as described in
the NeuPSIG grading system) may improve the detection and diagnosis of neuropathic cancer pain.
QST data have also demonstrated that the presence of pre-existing sensory deficits (particularly light
touch) prior to chemotherapy are a contributing factor in the onset of painful CIPN [33,34].
4. Management
The evidence base for management of cancer-related neuropathic pain is limited. There is
no clear consensus for first-line or step-wise treatment of cancer-related neuropathic pain [19,35],
which can prove challenging for patients and clinicians alike. Guidelines for pharmacological and
other management of neuropathic cancer pain have recently been published by the European Society
for Medical Oncology (ESMO) [19]. Pharmacological treatment options include opioids, non-opioids
and “adjuvant analgesics”, either alone or in combination. Adjuvant drugs are those traditionally used
for a primary indication other than pain, but with analgesic properties under some circumstances [36].
These agents are often used first-line for neuropathic pain, so the term is something of a misnomer but
is still often used [36,37]. Adjuvant agents used in neuropathic pain include tricyclic antidepressants
(TCAs) and anticonvulsants. Steroids are another adjuvant drug which can be used in cases of
nerve compression causing neuropathic pain. There are strong recommendations against the use of
levetiracetam and mexiletine [19].
Gabapentin, pregabalin, duloxetine and TCAs (doses of ≤75 mg/day) are recommended
in the ESMO guidance as single agents for first-line treatment of neuropathic pain in cancer.
This recommendation has been extrapolated from systematic reviews in non-cancer related neuropathic
pain. For example, a 2015 systematic review and meta-analysis of pharmacotherapy for neuropathic
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pain in adults found that the numbers needed to treat were 3.6 for TCAs, 6.4 for serotonin-noradrenaline
reuptake inhibitors (mainly duloxetine), 7.7 for pregabalin and 7.2 for gabapentin [9]. They also
found that the efficacy of drug treatments was not generally dependent on the underlying cause
of neuropathic pain, which perhaps supports extrapolation of the findings to cancer-related
neuropathic pain.
Some studies have examined the role of adjuvants specifically in neuropathic pain in cancer
but the data are less conclusive. A systematic review in 2017 examined the role of adjuvants in
treating cancer pain, both purely neuropathic and mixed cancer pain [36]. They included gabapentin,
pregabalin, amitriptyline and venlafaxine, and found low quality evidence for these agents in reducing
pain intensity in patients with cancer pain.
Cancer-related neuropathic pain can also be treated using opioids or non-opioids, in combination
with TCAs or anticonvulsants where required. The evidence for this is not conclusive, however.
A systematic review in 2011 examined the effect of adding antidepressant or antiepileptic drugs
to opioids for cancer pain that was largely caused by neuropathic mechanisms. Clinical and
methodological heterogeneity precluded meta-analysis but a narrative analysis found that the addition
of these adjuvants to existing opioid analgesia provided a modest improvement in pain intensity
after 4 to 8 days, but unlikely more than 1 point on a 0–10 numerical rating scale, and with increased
risk of adverse events [38]. The evidence of benefit was strongest for gabapentin. An update to this
review was able to perform meta-analysis of trials that examined the effect of adding antidepressants
or antiepileptics to opioids, comparing cancer pain outcomes between opioid/adjuvant combinations
with opioid monotherapy [39]. This showed no additional improvement in tumour-related pain relief
from adding gabapentinoids to opioids, and an increase in adverse events. However, again the quality
of the evidence was low and benefit for patients with definite neuropathic cancer pain could not
be excluded. The authors concluded that there remains uncertainty regarding the risk-benefit trade
off from combining adjuvants and opioids for treatment of tumour-related cancer pain. The ESMO
guidance advocates careful dosing and monitoring of side effects if using adjuvants in combination
with opioids for neuropathic pain.
Other treatment options discussed in the ESMO guidance include ketamine and interventional
treatments. Ketamine is an N-methyl-D-aspartate (NMDA) antagonist which has been used to treat
refractory cancer pain, including neuropathic pain, but current evidence is insufficient to determine
the benefits and harms associated with this treatment [40]. Interventional treatments of neuropathic
pain in cancer are not recommended in the ESMO guidelines as the evidence is weak or inconclusive,
unless used for neuropathic pain syndromes unrelated to cancer [19].
Another evolving approach to analgesia, including in cancer-related neuropathic pain, is the
concept of mechanism-based pain management [41,42]. This involves assessment of pain aetiology
(e.g., inflammatory or neuropathic), location of pain-generating mechanism (e.g., peripheral or central
sensitisation) and corresponding molecular targets (e.g., nerve growth factors) [42]. This is an exciting
area of research with myriad potential new analgesic targets, but at present there are no licensed
targeted treatments and no clinical studies demonstrating efficacy in cancer patients.
Non-pharmacological interventions are also important in multimodal management of neuropathic
cancer pain, as in all forms of cancer pain. It is well-recognised that inadequate patient education can
provide a barrier to effective pain management in cancer [43,44]. There is also increasing evidence of
the importance and effectiveness of patient education in reducing pain intensity and pain interference
in cancer patients [45,46]. Self-management interventions for people with cancer pain are one
such example. These aim to increase patients’ knowledge, skills and confidence to manage their
condition [47], and importantly, to become active in their own management [48].
5. Future Research
Considerable future research challenges for neuropathic pain in cancer lie ahead. Priority areas for
research include cancer pain assessment, pain neurobiology and targeted therapies. Comprehensive
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and accurate cancer pain assessment is essential, not only to differentiate neuropathic from nociceptive
pain, but also in more precisely profiling the characteristics of neuropathic pain. It is increasingly
recognised that neuropathic pain actually comprises a range of different subgroups or so-called
sensory profiles [49,50]. These may result from different neurobiological mechanisms, and so may
respond differently to treatments tailored to these. Therefore, careful pain assessment can indicate pain
mechanisms and guide targeted therapy, improving pain outcomes but also improving the evidence
base for treatment of this particularly challenging symptom.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.
5.
6.
7.
8.

9.

10.
11.
12.

13.
14.
15.

16.
17.

Jensen, T.S.; Baron, R.; Haanpaa, M.; Kalso, E.; Loeser, J.D.; Rice, A.S.; Treede, R.D. A new definition of
neuropathic pain. Pain 2011, 152, 2204–2205. [CrossRef] [PubMed]
Scholz, J.; Finnerup, N.B.; Attal, N.; Aziz, Q.; Baron, R.; Bennett, M.I.; Benoliel, R.; Cohen, M.; Cruccu, G.;
Davis, K.D.; et al. The IASP classification of chronic pain for ICD-11: Chronic neuropathic pain. Pain 2019,
160, 53–59. [CrossRef] [PubMed]
Finnerup, N.B.; Otto, M.; McQuay, H.J.; Jensen, T.S.; Sindrup, S.H. Algorithm for neuropathic pain treatment:
An evidence based proposal. Pain 2005, 118, 289–305. [CrossRef] [PubMed]
Bennett, M.I.; Kaasa, S.; Barke, A.; Korwisi, B.; Rief, W.; Treede, R.D. The IASP classification of chronic pain
for ICD-11: Chronic cancer-related pain. Pain 2019, 160, 38–44. [CrossRef] [PubMed]
International Association for the Study of Pain (IASP). IASP Terminology. 2017. Available online: https://www.
iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Neuropathicpain (accessed on 28 January 2019).
Bennett, M.I.; Rayment, C.; Hjermstad, M.; Aass, N.; Caraceni, A.; Kaasa, S. Prevalence and aetiology of
neuropathic pain in cancer patients: A systematic review. Pain 2012, 153, 359–365. [CrossRef] [PubMed]
van den Beuken-van Everdingen, M.H.J.; van Kuijk, S.M.J.; Janssen, D.J.A.; Joosten, E.A.J. Treatment of Pain
in Cancer: Towards Personalised Medicine. Cancers 2018, 10, 502. [CrossRef] [PubMed]
Rayment, C.; Hjermstad, M.J.; Aass, N.; Kaasa, S.; Caraceni, A.; Strasser, F.; Heitzer, E.; Fainsinger, R.;
Bennett, M.I. Neuropathic cancer pain: Prevalence, severity, analgesics and impact from the European
Palliative Care Research Collaborative-Computerised Symptom Assessment study. Palliat. Med. 2013, 27,
714–721. [CrossRef]
Finnerup, N.B.; Attal, N.; Haroutounian, S.; McNicol, E.; Baron, R.; Dworkin, R.H.; Gilron, I.; Haanpaa, M.;
Hansson, P.; Jensen, T.S.; et al. Pharmacotherapy for neuropathic pain in adults: A systematic review and
meta-analysis. Lancet Neurol. 2015, 14, 162–173. [CrossRef]
Naleschinski, D.; Baron, R.; Miaskowski, C. Identification and Treatment of Neuropathic Pain in Patients
With Cancer. Pain Clin. Updates 2012, 20, 1–4.
Koike, H.; Sobue, G. Paraneoplastic neuropathy. Handb. Clin. Neurol. 2013, 115, 713–726.
Giometto, B.; Grisold, W.; Vitaliani, R.; Graus, F.; Honnorat, J.; Bertolini, G. Paraneoplastic neurologic
syndrome in the pns euronetwork database: A european study from 20 centers. Arch. Neurol. 2010, 67,
330–335. [CrossRef]
Delanian, S.; Lefaix, J.L.; Pradat, P.F. Radiation-induced neuropathy in cancer survivors. Radiother. Oncol.
2012, 105, 273–282. [CrossRef] [PubMed]
Fathers, E.; Thrush, D.; Huson, S.M.; Norman, A. Radiation-induced brachial plexopathy in women treated
for carcinoma of the breast. Clin. Rehabil. 2002, 16, 160–165. [CrossRef]
Ducray, F.; Guillevin, R.; Psimaras, D.; Sanson, M.; Mokhtari, K.; Delanian, S.; Navarro, S.; Maisonobe, T.;
Cornu, P.; Hoang-Xuan, K.; et al. Postradiation lumbosacral radiculopathy with spinal root cavernomas
mimicking carcinomatous meningitis. Neuro-Oncol. 2008, 10, 1035–1039. [CrossRef] [PubMed]
Staff, N.P.; Grisold, A.; Grisold, W.; Windebank, A.J. Chemotherapy-induced peripheral neuropathy:
A current review. Ann. Neurol. 2017, 81, 772–781. [CrossRef]
Seretny, M.; Currie, G.L.; Sena, E.S.; Ramnarine, S.; Grant, R.; MacLeod, M.R.; Colvin, L.A.; Fallon, M.
Incidence, prevalence, and predictors of chemotherapy-induced peripheral neuropathy: A systematic review
and meta-analysis. Pain 2014, 155, 2461–2470. [CrossRef] [PubMed]

Cancers 2019, 11, 373

18.
19.

20.
21.

22.

23.

24.

25.

26.
27.
28.
29.

30.

31.

32.

33.

34.

35.
36.

7 of 8

Moisset, X.; Bouhassira, D. Brain imaging of neuropathic pain. NeuroImage 2007, 37, S80–S88. [CrossRef]
[PubMed]
Fallon, M.; Giusti, R.; Aielli, F.; Hoskin, P.; Rolke, R.; Sharma, M.; Ripamonti, C.I.; Committee, E.G.
Management of cancer pain in adult patients: ESMO Clinical Practice Guidelines. Ann. Oncol. 2018,
29, iv166–iv191. [CrossRef] [PubMed]
Bennett, M. The LANSS Pain Scale: The Leeds assessment of neuropathic symptoms and signs. Pain 2001,
92, 147–157. [CrossRef]
Mulvey, M.R.; Rolke, R.; Klepstad, P.; Caraceni, A.; Fallon, M.; Colvin, L.; Laird, B.; Bennett, M.I. Confirming
neuropathic pain in cancer patients: Applying the NeuPSIG grading system in clinical practice and clinical
research. Pain 2014, 155, 859–863. [CrossRef]
Finnerup, N.B.; Haroutounian, S.; Kamerman, P.; Baron, R.; Bennett, D.L.; Bouhassira, D.; Cruccu, G.;
Freeman, R.; Hansson, P.; Nurmikko, T.; et al. Neuropathic pain: An updated grading system for research
and clinical practice. Pain 2016, 157, 1599–1606. [CrossRef] [PubMed]
Mulvey, M.R.; Boland, E.G.; Bouhassira, D.; Freynhagen, R.; Hardy, J.; Hjermstad, M.J.; Mercadante, S.;
Perez, C.; Bennett, M.I. Neuropathic pain in cancer: Systematic review, performance of screening tools and
analysis of symptom profiles. Br. J. Anaesth. 2017, 119, 765–774. [CrossRef] [PubMed]
Dworkin, R.H.; O’Connor, A.B.; Kent, J.; Mackey, S.C.; Raja, S.N.; Stacey, B.R.; Levy, R.M.; Backonja, M.;
Baron, R.; Harke, H.; et al. Interventional management of neuropathic pain: NeuPSIG recommendations.
Pain 2013, 154, 2249–2261. [CrossRef] [PubMed]
Bouhassira, D.; Attal, N.; Alchaar, H.; Boureau, F.; Brochet, B.; Bruxelle, J.; Cunin, G.; Fermanian, J.; Ginies, P.;
Grun-Overdyking, A.; et al. Comparison of pain syndromes associated with nervous or somatic lesions and
development of a new neuropathic pain diagnostic questionnaire (DN4). Pain 2005, 114, 29–36. [CrossRef]
[PubMed]
Freynhagen, R.; Baron, R.; Gockel, U.; Tolle, T.R. Pain Detect: A new screening questionnaire to identify
neuropathic components in patients with back pain. Curr. Med. Res. Opin. 2006, 22, 1911–1920. [CrossRef]
Mulvey, M.R.; Bennett, M.I.; Liwowsky, I.; Freynhagen, R. The role of screening tools in diagnosing
neuropathic pain. Pain Manag. 2014, 4, 233–243. [CrossRef]
Rolke, R.; Magerl, W.; Campbell, K.A.; Schalber, C.; Caspari, S.; Birklein, F.; Treede, R.D. Quantitative sensory
testing: A comprehensive protocol for clinical trials. Eur. J. Pain 2006, 10, 77–88. [CrossRef] [PubMed]
Scott, A.C.; McConnell, S.; Laird, B.; Colvin, L.; Fallon, M. Quantitative Sensory Testing to assess the sensory
characteristics of cancer-induced bone pain after radiotherapy and potential clinical biomarkers of response.
Eur. J. Pain 2012, 16, 123–133. [CrossRef]
Augusto, C.; Pietro, M.; Cinzia, M.; Sergio, C.; Sara, C.; Luca, G.; Scaioli, V. Peripheral neuropathy due to
paclitaxel: Study of the temporal relationships between the therapeutic schedule and the clinical quantitative
score (QST) and comparison with neurophysiological findings. J. Neuro-Oncol. 2008, 86, 89–99. [CrossRef]
Attal, N.; Bouhassira, D.; Gautron, M.; Vaillant, J.N.; Mitry, E.; Lepere, C.; Rougier, P.; Guirimand, F. Thermal
hyperalgesia as a marker of oxaliplatin neurotoxicity: A prospective quantified sensory assessment study.
Pain 2009, 144, 245–252. [CrossRef]
Fallon, M.T.; Storey, D.J.; Krishan, A.; Weir, C.J.; Mitchell, R.; Fleetwood-Walker, S.M.; Scott, A.C.; Colvin, L.A.
Cancer treatment-related neuropathic pain: Proof of concept study with menthol—A TRPM8 agonist. Support.
Care Cancer 2015, 23, 2769–2777. [CrossRef]
Boyette-Davis, J.A.; Eng, C.; Wang, X.S.; Cleeland, C.S.; Wendelschafer-Crabb, G.; Kennedy, W.R.;
Simone, D.A.; Zhang, H.; Dougherty, P.M. Subclinical peripheral neuropathy is a common finding in
colorectal cancer patients prior to chemotherapy. Clin. Cancer Res. 2012, 18, 3180–3187. [CrossRef] [PubMed]
Wang, X.S.; Shi, Q.; Dougherty, P.M.; Eng, C.; Mendoza, T.R.; Williams, L.A.; Fogelman, D.R.; Cleeland, C.S.
Prechemotherapy Touch Sensation Deficits Predict Oxaliplatin-Induced Neuropathy in Patients with
Colorectal Cancer. Oncology 2016, 90, 127–135. [CrossRef]
World Health Organisation (WHO). WHO’s Cancer Pain Ladder for Adults. 2019. Available online: https:
//www.who.int/cancer/palliative/painladder/en/ (accessed on 4 March 2019).
van den Beuken-van Everdingen, M.H.; de Graeff, A.; Jongen, J.L.; Dijkstra, D.; Mostovaya, I.; Vissers, K.C.
Pharmacological Treatment of Pain in Cancer Patients: The Role of Adjuvant Analgesics, a Systematic
Review. Pain Pract. 2017, 17, 409–419. [CrossRef]

Cancers 2019, 11, 373

37.
38.
39.

40.
41.
42.
43.
44.

45.
46.

47.
48.
49.

50.

8 of 8

Lussier, D.; Huskey, A.G.; Portenoy, R.K. Adjuvant analgesics in cancer pain management. Oncologist 2004, 9,
571–591. [CrossRef] [PubMed]
Bennett, M.I. Effectiveness of antiepileptic or antidepressant drugs when added to opioids for cancer pain:
Systematic review. Palliat. Med. 2011, 25, 553–559. [CrossRef]
Kane, C.M.; Mulvey, M.R.; Wright, S.; Craigs, C.; Wright, J.M.; Bennett, M.I. Opioids combined with
antidepressants or antiepileptic drugs for cancer pain: Systematic review and meta-analysis. Palliat. Med.
2018, 32, 276–286. [CrossRef]
Bell, R.F.; Eccleston, C.; Kalso, E.A. Ketamine as an adjuvant to opioids for cancer pain. Cochrane Database
Syst. Rev. 2017, 6, Cd003351. [CrossRef]
Vardeh, D.; Mannion, R.J.; Woolf, C.J. Toward a Mechanism-Based Approach to Pain Diagnosis. J. Pain 2016,
17, T50–T69. [CrossRef] [PubMed]
Bennett, M.I. Mechanism-based cancer-pain therapy. Pain 2017, 158 (Suppl. 1), S74–S78. [CrossRef]
Kwon, J.H. Overcoming barriers in cancer pain management. J. Clin. Oncol. 2014, 32, 1727–1733. [CrossRef]
Allsop, M.J.; Wright-Hughes, A.; Black, K.; Hartley, S.; Fletcher, M.; Ziegler, L.E.; Bewick, B.M.; Meads, D.;
Hughes, N.D.; Closs, S.J.; et al. Improving the management of pain from advanced cancer in the community:
Study protocol for a pragmatic multicentre randomised controlled trial. BMJ Open 2018, 8, e021965.
[CrossRef]
Lovell, M.R.; Luckett, T.; Boyle, F.M.; Phillips, J.; Agar, M.; Davidson, P.M. Patient education, coaching, and
self-management for cancer pain. J. Clin. Oncol. 2014, 32, 1712–1720. [CrossRef] [PubMed]
Adam, R.; Bond, C.; Murchie, P. Educational interventions for cancer pain. A systematic review of systematic
reviews with nested narrative review of randomized controlled trials. Patient Educ. Couns. 2015, 98, 269–282.
[CrossRef]
ElMokhallalati, Y.; Mulvey, M.R.; Bennett, M.I. Interventions to support self-management in cancer pain.
Pain Rep. 2018, 3, e690. [CrossRef] [PubMed]
Bodenheimer, T.; Lorig, K.; Holman, H.; Grumbach, K. Patient self-management of chronic disease in primary
care. JAMA 2002, 288, 2469–2475. [CrossRef] [PubMed]
Baron, R.; Forster, M.; Binder, A. Subgrouping of patients with neuropathic pain according to pain-related
sensory abnormalities: A first step to a stratified treatment approach. Lancet Neurol. 2012, 11, 999–1005.
[CrossRef]
Freeman, R.; Baron, R.; Bouhassira, D.; Cabrera, J.; Emir, B. Sensory profiles of patients with neuropathic
pain based on the neuropathic pain symptoms and signs. Pain 2014, 155, 367–376. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

